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(57) Broche (10) pour assujettir un ligament de 
remplacement (38, 40) a rinterieur d'un tunnel (34) dans 
un os recepteur (32). La broche comporte une partie 
corps ay ant une section filetee (16) pour se mettre en 
prise sur l'os recepteur (32) de maniere a ancrer la broche 
(10) dans l'os recepteur (32). La partie corps comporte 
aussi une tige conique (18) pres de la partie filetee (16). 
La tige conique (18) est configuree pour entrer dans un 
trou fore (42) de diametre predetermine pratique dans le 
ligament de remplacement (38) pour coincer le ligament 
de remplacement (38) contre la paroi du tunnel (34). La 
tige conique (1 8) a un premier diametre (24) a un premier 
bout de la tige conique (18) a 1' oppose de la partie filetee 
(16) qui est inferieur au diametre predetermine du trou 
fore (42) et un second diametre (26) pres de la partie 
filetee (16) qui est superieur au diametre predetermine, 
de sorte que la tige filetee (18) se met en prise sur le 
ligament de remplacement (38) dans le tunnel (34) quand 
la broche (10) est introduite dans le trou fore (42) 
pratique dans le ligament de remplacement (38). 



(57) A pin (10) is provided for securing a replacement 
ligament (38, 40) inside a tunnel (34) of a receptor bone 
(32). The pin (10) includes a body portion having a 
threaded section (16) for engaging the receptor bone (32) 
to anchor the pin (10) in the receptor bone (32). The body 
portion also includes a tapered shank (18) located 
adjacent the threaded portion (16). The tapered shank 
(18) is configured to enter a drilled hole (42) having a 
predetermined diameter formed in the replacement 
ligament (38) to force the replacement ligament (38) 
against the wall of the tunnel (34). The tapered shank 
(1 8) has a first diameter (24) at a first end of the tapered 
shank (18) opposite the threaded portion (16) which is 
smaller than the predetermined diameter of the drilled 
hole (42) and a second diameter (26) adjacent the 
threaded portion (16) which is larger than the 
predetermined diameter so that the tapered shank (18) 
engages the replacement ligament (38) in the tunnel (34) 
as the pin (10) is inserted through the drilled hole (42) in 
the replacement ligament (38). 
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A pin (10) is provided for securing a replacement ligament (38, 40) inside a tunnel (34) of a receptor bone (32). The pin (10) includes 
a body portion having a threaded section (16) for engaging the receptor bone (32) to anchor the pin (10) in the receptor bone (32). The 
body portion also includes a tapered shank (18) located adjacent the threaded portion (16). The tapered shank (18) is configured to enter a 
drilled hole (42) having a predetermined diameter formed in the replacement ligament (38) to force the replacement ligament (38) against 
the wall of the tunnel (34). The tapered shank (18) has a first diameter (24) at a first end of the tapered shank (18) opposite me threaded 
portion (16) which is smaller than the predetermined diameter of the drilled hole (42) and a second diameter (26) adjacent the threaded 
portion (16) which is larger than the predetermined diameter so that the tapered shank (18) engages the replacement ligament (38) in the 
tunnel (34) as the pin (10) is inserted through the drilled hole (42) in the replacement Ugament (38). 
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PIN FOR SECURI NG A REPLACEMENT LIGAMENT TO A BONK 

Background a n Summary of the Invention 

This application relates to a pin for anchoring a 
5 • replacement ligament inside a tunnel formed in a bone. 

More particularly, the present invention relates to a pin 
which facilitates securing a replacement ligament graft 
inside a bone and which promotes healing of the ligament 
graft inside the bone. 

10 When a ligament such as an anterior cruciate 

ligament (ACL) of a knee is damaged or torn, a replacement 
ligament is often installed in the knee to reconstruct the 
natural anterior cruciate ligament. During such 
reconstruction, a tunnel is typically drilled through the 

15 anterior portion of the tibia upwardly through the tibial 
plateau and into the distal end of the femur to approximate 
the natural position of the anterior cruciate ligament. A 
bone- ligament-bone graft is then harvested, often from the 
patellar tendon following standard grafting procedures. 

20 Typically a wedge-shaped graft is cut and contoured using a 
graft guide. Sutural holes are then formed in the graft. 
The graft is then installed into the drill tunnel. 

Various methods are known for securing the graft 
within the tibia and femur until the graft can heal. One 

25 such method is the use of a Kurosaka™ fixation screw. The 
Kurosaka™ screw provides an interference fit inside the 
tunnel with the graft so that the graft is wedged against 
the wall of the tunnel. See, for example, U.S. Patent No. 
4,950,270. 

30 In other known methods, sutures coupled to the 

graft are anchored to the bone using screws or washers. 
The ligaments can also be coupled directly to the bone 
using plates or washers. 

In addition, it is known to use a pin transverse 

35 to the drill tunnel to secure the graft within the tunnel. 
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Various apparatus and methods are known for aligning the 
pin transverse with the drill tunnel to secure the ligament 
replacement to the bone. See, for example, U.S. Patent No. 
4,901,711 and U.S. Patent No. 4,985,032. 
5 Other methods and apparatus for locating and 

installing a transverse pin for securing a replacement 
ligament to a bone are described in U.S. Patent Application 
Serial No. 08/004,987, entitled METHOD FOR SECURING A 
LIGAMENT REPLACEMENT IN A BONE by inventors Goble and Lower 

10 and U.S. Patent Application Serial No. 08/004,958, entitled 
DRILL GUIDE APPARATUS by inventors Goble and Lower. 

The pin of the present invention provides 
advantages over the prior transverse pins and screws. The 
pin includes a smooth shank which is preferably tapered to 

15 push the bone plug of the bone graft against one side of 
the tunnel to promote healing of the graft in the bone. 
This tapered shank constitutes means for pushing or urging 
a portion of a ligament replacement into a wall of the 
tunnel to promote healing and bonding. In addition, the 

20 smooth shank provides a surface over which a replacement 

ligament can be positioned or looped if such a replacement 
ligament is used. 

The pin of the present invention includes a head 
spaced apart from a threaded section of the pin so that the 

25 head of the pin engages the cortical bone of the femur and 
prevents the head from being counter sunk into the femur. 
This permits easy location of the pin through the skin 
should it be required to remove the pin. The pin of the 
present invention is easily removable from the femur when 

3 0 compared with the Kurosaka™ interference screw discussed 
above. As discussed above, access to the pin of the 
present invention can be obtained without substantial 
invasion of the knee. 

According to one aspect of the present invention, 

35 a pin is provided for securing a replacement ligament 



4)W0 94/15552 



2153594 

PCT/US94/00634 



inside a tunnel of a receptor bone. The pin includes a 
body portion having a threaded section for engaging the 
receptor bone to anchor the pin in the receptor bone. The 
body portion also includes means for engaging the 
5 replacement ligament to force the replacement ligament 

against a side wall of the tunnel to secure the replacement 
ligament inside a tunnel and to promote healing of the 
ligament. The pin further includes a head coupled to an 
end of the body portion adjacent the threaded section for 

10 driving the pin into the receptor bone. 

In the illustrated embodiment, the engaging means 
includes a tapered shank located adjacent the threaded 
portion. The tapered shank is configured to enter a 
drilled hole having a predetermined diameter formed in the 

15 replacement ligament to force the replacement ligament 
against the wall of the tunnel. The tapered shank has a 
first diameter at a first end of the tapered shank opposite 
the threaded portion which is smaller than the 
predetermined diameter of the drilled hole. The tapered 

20 shank has a second diameter adjacent the threaded portion 
which is larger than the predetermined diameter so that the 
tapered shank engages the replacement ligament in the 
tunnel as the pin is inserted through the drilled hole in 
the replacement ligament to force the replacement ligament 

25 against a side wall of the tunnel to promote healing of the 
replacement ligament within the receptor bone. 

Also in the illustrated embodiment, the pin 
includes a generally conical tip located on a opposite end 
of the body portion from the head. The generally conical 

30 tip is illustratively angled at an angle at about 30°. 

The illustrated embodiment further includes a 
generally smooth neck located between the head and the 
threaded section of the body portion. The neck facilitates 
removal of the pin from the bone. The head is an external 

35 hex head to reduce the likelihood that the head will be 
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buried in the receptor bone when the pin is installed into 
the receptor bone. 

Additional objects, features, and advantages of 
the invention will become apparent to those skilled in the 
art upon consideration of the following detailed 
description of a preferred embodiment exemplifying the best 
mode of carrying out the invention as presently perceived. 

Brief Description of the Drawings 

The detailed description particularly refers to 
the accompanying figures in which: 

Pig. 1 is an elevational view of a pin of the 
present invention for securing or anchoring a replacement 
ligament inside a drill tunnel formed in a bone; 

Fig. 1A shows a modification of the pin of Fig. 1 
wherein the point of the pin is sharpened; and 

Fig. 2 is a diagrammatical view with portions 
broken away to illustrate the pin passing through the 
femur, through the tunnel in the bone, through the ligament 
replacement graft located in the tunnel and into the bone 
on an opposite side of the tunnel. 

Detailed Description of the Drawings 

Referring now to the drawings, Fig. 1 illustrates 
a pin 10 of the present invention. Pin 10 includes a head 
12 having an inner edge 13, a neck 14 located adjacent head 
12, a threaded portion 16, a generally smooth shank 18, and 
a generally conical tip 20 at its distal end. Tip 20 
illustratively has a smooth tapered nose 22. Nose 22 is 
illustratively blunt, smooth, or non-sharpened so that it 
does not pierce into the bone graft as the pin is inserted. 
Tip 20 is illustratively a 30° cone as illustrated by angle 
23. Tip 20 is shaped to guide pin 10 through a hole 
drilled through the bone and through a hole formed in the 
replacement ligament graft. In certain applications, the 
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nose of conical tip 20 may be sharpened as shown at 48 in 
Fig. ia so that the sharpened nose pierces into the bone on 
an opposite side of a bone tunnel from head 12 of pin 10. 

The smooth shank 18 of pin 10 is preferably 
slightly tapered. Illustratively, the diameter of shank 18 
near tip 20 illustrated by dimension 24 is about .092 inch 
(0.234 cm). The base diameter of shank 18 adjacent 
threaded section 16 illustrated by dimension 26 is larger 
than dimension 24. Illustratively, dimension 26 is about 
.112 inch (0.284 cm) . 

Pin 10 has a length illustrated by dimension 27 
which varies depending upon size required to effectively 
secure the ligament replacement within the bone. 
Illustratively, the length illustrated by dimension 27 may 
be 35 mm, 40 mm, 45 mm, 50 mm, 55 mm, 60 mm, or another 
length as required by the application. For each of the 
lengths, the distance from the end of head 12 to the end of 
threaded section 16 adjacent shank 18 illustrated by 
dimension 29 is about .5 inch (1.27 cm). The distance from 
the end of head 12 to the end of neck 14 adjacent threaded 
section 16 illustrated by dimension 31 is about .18 inch 
(0.457 cm). The distance from the end of head 12 to the 
inner edge 13 of head 12 illustrated by dimension 33 is 
about .1 inch (0.254 cm). 

Head 12 is illustratively an external hex head. 
Hex head 12 is spaced apart from threaded section 16 by 
smooth neck 14. The external hex is preferred for head 12 
over an Allen screw or a slotted head. The external hex 
head 12 reduces the likelihood that the head will be buried 
as pin 10 is driven into a bone. As the head 12 starts to 
bury, an external hex driver (not shown) pulls off head 12. 

Fig. 2 illustrates pin 10 used to anchor a 
replacement anterior cruciate ligament in the femur of a 
knee joint. Fig. 2 illustrates a knee joint 28 including a 
tibia 30 and a femur 32. During replacement of the 
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anterior cruciate ligament, a tunnel 34 is formed by 
drilling upwardly through the anterior surface of tibia 32, 
through tibial plateau 36, and into femur 32. Typically, 
the tunnel 34 is formed by passing a guide pin or K-wire 
5 along a desired path of the tunnel. The K-wire forms an 
aperture 46 through tibia 30 and femur 32. A cannulated 
drill (not shown) is then conventionally used to form the 
tunnel 34 by following the path of the 
K-wire . 

10 After the tunnel 34 is formed in the bone, a 

replacement ligament is inserted into tunnel 34. in the 
Fig. 2 embodiment, the illustrative replacement ligament 
includes a harvested graft having a bony section or plug 38 
and a ligament section 40. Another bony section or plug 

15 (not shown) is located in tunnel 34 inside tibia 30. A 

transverse guide hole 42 is then drilled through femur 32, 
tunnel 34, and bone graft 38. Guide hole 42 also extends 
into the portion of the femur 32 on an opposite side of 
tunnel 34. 

20 Typically, guide hole 42 is formed with a drill 

having a diameter sized between dimension 24 and dimension 
26 of smooth shank 18 of pin 10. Illustratively, the 
diameter of guide hole 42 is about 2.5 mm (0.0984 inch). 
Therefore, tip 20 and a portion of shank 18 adjacent tip 20 

25 pass through the hole 42 in graft 38 without tightly 

engaging the wall defining hole 42. However, tapered shank 
18 begins to engage the side wall defining guide hole 42 
through graft 38 as the portion of tapered shank having a 
diameter larger than the diameter of hole 42 moves through 

3 0 hole 42 of graft 38. Therefore, tapered shank 18 of pin 10 
applies a force normal to graft 38 in the direction of 
arrow 44 to force the graft against the wall of tunnel 34. 
By forcing graft 38 against the wall of tunnel 34, pin 10 
secures graft 38 inside femur 32 and promotes healing and 

35 bonding of graft 38. 
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Smooth shank 18 of pin 10 bridges across tunnel 
34. Therefore, pin 10 can also be used in the technique of 
looping a replacement ligament over pin 10 instead of the 
bone plug ligament graft illustrated in Fig. 2. 

Threaded section 16 cuts into the bone of femur 
32 to anchor pin 10 within femur 32. As discussed above, 
external hex head 12 reduces the likelihood that head 12 
will be buried in femur 32. Edge 13 tends to engage the 
outer surface of femur 32. Head 12 is seated above the 
surface of femur 32. Therefore, hex head 12 can be located 
through the skin of a patient so that pin 10 can be rather 
easily removed upon healing or failure of the replacement 
ligament 37 through a small incision in the skin. 

As pin 10 is removed from femur 32, threads 16 
are backed out of femur 32. Once the end of threaded 
section 16 exits femur 32, pin 10 will simply spin upon 
rotation. Therefore, neck section 14 provides a region to 
permit pin 10 to be grasped and removed from femur 32 with 
a device similar to a nail puller (not shown) . 

Although the invention has been described in 
detail with reference to a certain preferred embodiment, 
variations and modifications exist within the scope and 
spirit of the invention as described and defined in the 
following claims. 
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CLAIMS : 

1. A pin for securing a replacement ligament 
inside a tunnel of a receptor bone, the pin comprising: 

a body portion including a threaded section for 
engaging the receptor bone to anchor the pin in the 
receptor bone, the body portion also including means for 
engaging and wedging the replacement ligament to force the 
replacement ligament against a side wall of the tunnel to 
secure the replacement ligament inside a tunnel and to 
promote healing of the ligament, the means for engaging and 
wedging having a smooth conical configuration with its 
larger circular cross section base facing toward the 
threaded section and its smaller circular cross section 
displaced further from the threaded portion than the base; 
the body also including a tapered tip portion at one end 
proximate to the means for engaging and wedging; and 

a head coupled to an end of the body portion 
adjacent the threaded section for driving the pin into the 
receptor bone. 

2. A pin for securing a replacement ligament 
inside a tunnel of a receptor bone, the pin comprising: 

a body portion including a threaded section for 
engaging the receptor home to anchor the pin in the 
receptor bone, the body portion also including means for 
engaging and wedging the replacement ligament to force the 
replacement ligament against a side wall of the tunnel to 
secure the replacement ligament inside a tunnel and to 
promote healing of the ligament, the body also including a 
tapered tip portion at one end proximate to the means for 
engaging and wedging; and a head coupled to an end of the 
body portion adjacent the threaded section for driving the 
pin into the receptor bone, wherein the means for engaging 
and wedging includes a tapered shank located adjacent the 
threaded portion, the tapered shank being configured to 
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enter a drilled hole having a predetermined diameter formed 
in the replacement ligament to force the replacement 
ligament against the wall of the tunnel. 

3. The pin of claim 2, wherein the tapered 
shank has a first diameter at a first end of the tapered 
shank opposite the threaded portion which is smaller than 
the predetermined diameter of the drilled hole and a second 
diameter adjacent the threaded portion which is larger than 
the predetermined diameter so that the tapered shank 
engages the replacement ligament in the tunnel as the pin 
is inserted through the drilled hole in the replacement 
ligament to force the replacement ligament against a side 
wall of the tunnel to promote healing of the replacement 
ligament within the receptor bone. 

4. The pin of claim 1, wherein the tip portion 
is a generally conical tip and located on an opposite end 
of the body portion from the head. 

5. The pin of claim 4, wherein the generally 
conical tip is angled at an angle at about 30°. 

6. The pin of claim 1, further comprising a 
generally smooth neck located between the head and the 
threaded section of the body portion. 

7. The pin of claim 1, wherein the head is an 
external hex head to reduce the likelihood that the head 
will be buried in the receptor bone when the pin is 
installed into the receptor bone. 

8. The pin of claim 1, wherein the tip portion 
is a sharpened tip formed on a second end of the body 
portion opposite from the head to pierce into a portion of 
the receptor bone on an opposite side of the tunnel from 
the head. 

9. A pin for anchoring a replacement ligament 
in a tunnel formed in a receptor bone, the pin being 
inserted into a transverse hole drilled through the 
receptor bone, through the tunnel, through the replacement 
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ligament located in the tunnel, and through a portion of 
the receptor bone on an opposite side of the tunnel, the 
drilled hole having a predetermined diameter, the pin 
comprising: a body portion, and a head portion formed on 
5 one end of the body portion for driving the pin into the 
receptor bone, the body portion including a tapered tip 
located at an opposite end of the body portion from the 
head, a generally smooth tapered shank located adjacent the 
tip and with its taper being different from the taper of 

10 the tip, a threaded portion located between the shank and 
the head for engaging the receptor bone to anchor the pin 
within the receptor bone, the tapered shank having a first 
diameter adjacent the tapered tip which is smaller than the 
predetermined diameter of the transverse hole and a second 

15 diameter adjacent the threaded portion which is larger than 
the predetermined diameter so that the tapered shank can 
engage the replacement ligament in the tunnel as the pin is 
inserted through the hole in the replacement ligament to 
force the replacement ligament against a side wall of the 

20 tunnel to promote healing of the replacement ligament 
within the receptor bone. 

10. The pin of claim 9, wherein the tip of the 
body portion has a generally conical shape. 

11. The pin of claim 10, wherein the generally 
25 conical tip is angled at an angle at about 30°. 

12. The pin of claim 9, further comprising a 
generally smooth neck located between the head and the 
threaded section of the body portion. 

13. The pin of claim 9, wherein the head is an 
3 0 external hex head to reduce the likelihood that the head 

will be buried in the receptor bone when the pin is 
installed into the receptor bone. 

14. The pin of claim 9, wherein the tip is 
sharpened to pierce into a portion of the receptor bone on 

3 5 an opposite side of the tunnel from the head. 
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15. A pin for anchoring a bone or tissue graft 
in an opening of a receptor bone, said pin being provided 
for entering and extending through an exterior portion of 
the receptor bone and then through the opening and the 
5 graft, said pin having a proximal end to be located outside 
the receptor bone, a tapered distal end to be disposed 
inside the receptor bone, and an intermediate body portion, 
said pin also having a head portion disposed on said 
proximal end for engagement with a driving tool, a threaded 

10 portion adjacent said proximal end to engage the receptor 

bone, said intermediate portion being tapered downwardly in 
diameter from a point adjacent said threaded portion to a 
point adjacent said distal end and at a taper different 
from the distal end. 

15 16. The pin of claim 15, wherein the pin further 

includes a reduced diameter portion between said threaded 
portion and said head portion. 

17. The pin of claim 15, wherein the distal end 
of the pin has a generally conical shape. 

2 0 18. The pin of claim 17, wherein the generally 

conical distal end is angled at an angle at about 30°. 

19. The pin of claim 15, wherein the head is an 
external hex head to reduce the likelihood that the head 
will be buried in the receptor bone when the pin is 

25 installed into the receptor bone. 

20. The pin of claim 15, further comprising a 
sharpened tip formed on the tapered distal end of the pin 
for piercing into a portion of the receptor bone on an 
opposite side of the opening from the head. 

30 21. A pin for securing a replacement ligament 

inside a tunnel of a receptor bone, the pin comprising: 

a body portion including a threaded section for 
engaging the receptor bone to anchor the pin in the 
receptor bone, the body portion also including means for 

3 5 engaging and wedging the replacement ligament to force the 
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replacement ligament against a side wall of the tunnel to 
secure the replacement ligament inside a tunnel and to 
promote healing of the ligament, the engaging and wedging 
means having a smooth surface immediately abutting the 
5 threaded section, the body also including a tapered tip 
portion at one end proximate to the means for engaging and 
wedging; and a head coupled to an end of the body portion 
adjacent the threaded section for driving the pin into the 
receptor bone. 
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